Supplementary Methods

Materials
NaH2PO2·H 2O was purchased from Alfa Aesar. H2SO4, KMnO4, absolute alcohol, NaNO3, NaOH, and H2O2 (30% solution) were obtained from VWR Corporation. CNTs (FloTube TM 9000) were received from CNano Technology (Beijing) Ltd. Thioacetamide and cobalt acetate was purchased from Acros Organics. Nafion (5 wt%) was bought from Sigma-Aldrich. All the reagents were used as received. The water used throughout all experiments was purified through a Millipore system.
Preparation of mildly oxidized CNTs
Mildly oxidized CNTs were prepared through a modified Hummers method 18 . 1 g of multi-wall CNTs were first purified by calcination in air at 500 o C and refluxing with 40 mL of diluted hydrochloric acid (10%) to remove amorphous carbon and residual catalyst particles. The purified CNTs were washed with DI water and dried in oven at 80 o C overnight. Then, the purified CNTs were moved into a 250 mL flask and 23 mL of concentrated sulfuric acid was added. The mixture was stirred at room temperature for 12 h. After that, the flask was heated to 40 o C in an oil bath, followed by slow addition of 100 mg of NaNO3. After 5 min, 4 g of KMnO4 was slowly added into the suspension, keeping the reaction temperature no higher than 45 o C.
The suspension was stirred for 30 min and followed by addition of 3 mL of DI water. 5 min later, another 3 mL of DI water was added. After another 5 min, 40 mL of DI water was added. 15 min later, the flask was removed from the oil bath and 140 mL of water and 30 mL of 30% H2O2 was added to stop the reaction. The suspension was stirred at room temperature for 15 min.
It was then centrifuged and washed with 5% hydrochloride acid solution for 3 times, followed by repeated wash with DI water until pH value reached higher than 5. The final precipitate was then collected and freeze-dried.
Materials characterizations
XRD measurements were performed using a Riguku Smartlab X-ray diffractometer with Cu Kα radiation. SEM images were obtained on a Hitachi SU70 field emission SEM. Low-magnification TEM measurements were performed on a JEM 1400 (JEOL USA) with an accelerating voltage at 80 kV. High-resolution TEM imaging and STEM-EDS mapping were done with an FEI TECNAI Osiris at an accelerating voltage of 200 kV. XPS studies were performed using a Kratos Axis Ultra X-ray photoelectron spectrometer with Al Kα radiation (hν = 1486.71 eV). Raman spectra were obtained using a confocal micro-Raman spectroscopy (LabRam HR Evolution, Horiba) with a 532 nm excitation laser.
Colorimetric comparison
2.5 mg of catalyst material was soaked into 10 mL of 0.5 M H2SO4 solution for 2 h. After that, the mixture was centrifuged and the supernatant was collected. 20 μL of supernatant, 5 mL of sodium acetate solution (250 g L -1 ), and 3 mL of Nitrite R salt solution (10 g L -1 ) were added 17 into a 25 mL vial. The dissolved Co 2+ can form a red-colored complex with the nitrite R salt in acetate buffer solution.
